Little is known about the inflammatory response of the endometrium in repeat-breeding cows with subclinical endometritis (SE). The objective of this study was to evaluate the mRNA expression of prostaglandin-endoperoxide synthase 2 (PTGS 2), prostaglandin F2 α synthase (PTGFS) and prostaglandin E2 microsomal synthase 1 (mPTGES 1) in the endometrium of repeat-breeding cows with and without SE. SE was diagnosed cytologically using the cytobrush method, with the threshold being set at 5% polymorphonuclear neutrophils. Biopsy samples were obtained from the endometrium of repeat-breeding cows with SE (n = 10) and without SE (n = 10). The mRNA expression of the synthases was evaluated using qRT-PCR. Significantly higher (P < 0.05) expression of the PTGS 2 gene was detected in the repeat breeders with SE, whereas there was no significant difference in the expression of PTGFS and mPTGES 1 mRNAs between repeatbreeding cows with SE and those without it (P > 0.05). Our study confirms that increased endometrial expression of the PTGS 2 gene is involved in the inflammatory response in repeat breeders.
Acta Veterinaria Hungarica 65, 2017 Subclinical endometritis (SE) is defined as a slight inflammation of the endometrium without clinical signs of endometritis, which significantly reduces fertility (Sheldon et al., 2006) . The most reliable method of diagnosing this disorder is endometrial cytology to determine the ratio of polymorphonuclear neutrophils (PMNs) to epithelial cells in uterine smears obtained using the cytobrush technique (Kasimanickam et al., 2004; Barlund et al., 2008) . Earlier studies on cytologically determined endometritis focused mainly on its impact on postpartum reproductive performance, whereas research into the effect of this disorder during the breeding period has been neglected. Kaufmann et al. (2009) found a correlation between an increased fraction of PMNs near the time of insemination and a significantly reduced first-conception rate. These findings confirmed the significance of cytologically determined endometritis for the success or failure of insemination.
Puerperal endometritis is related to bacterial contamination of the uterus by both pathogenic and non-specific bacteria (McDougall, 2005; Sheldon et al., 2009a) . It is known that until service the majority of cows do not have bacteria in the uterus (Parkinson et al., 2009 ). However, inflammation may occur without any bacterial infection. The persistence of PMNs in the endometrium in the absence of bacteria is thought to be the primary feature of SE .
The influx of PMNs into the uterus is the predominant mechanism of the innate immune response that resolves the infection. The presence of PMNs in the endometrium is part of the inflammatory cascade, which stimulates the secretion of many proinflammatory mediators, including chemokines, cytokines, prostaglandins and leukotrienes (Bondurant, 1999; Wira et al., 2005; Herath et al., 2009b; Sheldon et al., 2009b) . However, the local processes in cows with SE are still poorly understood. There were significantly higher levels of PGF 2α and PGE 2 in the uterine fluids of animals with severe endometritis compared with those with mild endometritis (Mateus et al., 2003) . In vitro studies reported that the prostaglandin secretory pattern changed during endometritis, with a decreased secretion of PGF 2 α being followed by an increased secretion of PGE2 (Herath et al., 2009a) . The enzymes prostaglandin-endoperoxide synthase 1 and 2 (PTGS 1 and PTGS 2; previous name cyclooxygenases, COX) and prostaglandin F 2α and E 2 synthases (PTGFS and PTGES, respectively) are involved in the pathway for the production of prostaglandins. Three isoforms of PTGES were identified in the bovine endometrium: the cytosolic PTGES (cPTGES) and the microsomal PTGES (mPTGES 1 and 2). However, mPTGES 1 is the main enzyme responsible for PGE production in bovine endometrial cells (Parent and Fortier, 2005) . Recently, some studies have investigated the expression of prostaglandin synthase genes in the endometrium of cows with endometritis and in that of healthy animals. Unchanged or diminished mRNA expression of PTGS 2, cPTGES and mPTGES 1 and 2 in cases of SE during the postpartum period was found (Gabler et al., 2009; Fischer et al., 2010; Johnson et al., 2015) . The above-mentioned studies were performed during the postpartum period, whereas comparable studies in repeat-breeding cows have not been carried out until now.
Thus, to understand better the mechanisms underlying repeat breeding syndrome in cows with SE, the aim of this study was to evaluate the mRNA expression of PTGS 2, PTGFS and mPTGES 1 in the endometrium of repeat breeding cows with and without SE.
Materials and methods

Animals and study design
The study was approved by the Local Ethics Commission for Animal Experiments.
The study was carried out on 20 repeat-breeding Polish Holstein-Friesian cows from a commercial herd with an average milk yield of 7,500 litres. The animals were kept in loose barns and fed grass and maize silage, concentrates, vitamins and mineral supplements. Partial Mixed Ration (PMR) feeding system was used. The cows were four to six years old and were in a similar period post partum (130-150 days in milk).
Repeat-breeding cows were defined as cows with a clinically healthy uterus and three unsuccessful inseminations. Ten cows were repeat-breeding cows with cytologically determined endometritis, and 10 repeat-breeding cows without of SE served as control. SE was diagnosed using the cytobrush method. All cows had a corpus luteum (CL) diagnosed by transrectal palpation and ultrasonography. Biopsy samples of endometrium were obtained and endometrial mRNA expression of the prostaglandin synthases was evaluated using qRT-PCR.
Sample collection and cytological examination
Endometrial samples from the uterine horn were collected by the cytobrush method as described previously (Barański et al., 2012) . The material collected with the cytobrush was transferred to a microscope slide by rolling the brush on the slide for determination of the ratio of PMNs to epithelial cells. The smears were treated with cytologic fixative (Cytofix, Sanco, Poland), allowed to dry for a few minutes, stained using Papanicolaou's method, and examined using a light microscope at × 300 and × 600 magnification. PMNs and epithelial cells among 100 cells were counted by a veterinarian who was blind to the study population. A threshold ratio of 5% PMNs was used to categorise the cows as having SE.
Sample collection of endometrial tissue for evaluation of transcripts expression
Endometrial biopsies were obtained using an endometrial biopsy instrument (Hauptner, Solingen, Germany) as described previously (Bonnet et al., 1991) . After cleaning the perineum and external genitalia, the biopsy instrument was introduced into the uterus and guided by transrectal palpation. The tissue was immediately placed into a 1.5-ml tube containing a preservative to maintain the integrity of the mRNA (RNA Later, R0901 Sigma), and transported to the laboratory.
RNA extraction
The biopsy tissues were homogenised in tubes containing Lysing Matrix D beads (116913500, MP Biomedicals) using an MP FastPrep homogeniser. The total RNA was extracted using TRIzol reagent ® (T9424, Sigma-Aldrich) according to the manufacturer's instructions. The RNA concentration was determined spectrophotometrically (NANO Drop 2000; OD 260/280).
Real-time qRT-PCR
One microgram of total RNA from each sample was reverse transcribed using a QuantiTest Reverse Transcription kit (205311, Qiagen, Hilden, Germany), following the supplier's protocol. The generated cDNAs were stored at -20 °C until use.
The transcription levels of all examined genes were determined as previously described by Piotrowska-Tomala et al. (2012) , with modifications. The quantitative reverse transcriptase real-time PCR (qRT-PCR) assays were performed using a 7900HT qRT-PCR system (Applied Biosystems, Warrington, UK), employing the following default thermocycler program for all of the genes: a 10-min pre-incubation at 95 °C was followed by 40 cycles of 15 sec at 95 °C and 1 min at 60 °C. A subsequent dissociation step (15 sec at 95 °C, 30 sec at 60 °C and 15 sec at 95 °C) ensured the presence of the same product. In each qRT-PCR assay, both the target gene and the housekeeping gene (HKG, GAPDH) were amplified simultaneously on the same plate. All of the reactions were performed in duplicate wells of a 96-well optical reaction plate (Applied Biosystems, catalogue number: 4306737) in a total volume of 20 μl containing 9 μl of water, forward primer (160 nM) and reverse primer (160 nM), 10 μl of Power SYBR Green Master Mix (Applied Biosystems, catalogue number: 4367659) and 1 μl of 4-fold diluted cDNA (12.5 ng). The primer pairs are shown in Table 1 .
Statistical analyses
All of the data are shown as mean values ± SEM. The statistical significance of differences in the levels of mRNA expression of all of the evaluated mediators between the groups was analysed with a one-tailed nonparametric Mann-Whitney test using Graph PAD Prism version 5.00 software (Graph Pad Software, San Diego, CA, USA). The level of significance was set at P < 0.05. 
Results
The expressions of PTGS 2, PTGFS and mPTGES 1 mRNAs are presented in Fig. 1 .
Significantly higher expression of PTGS 2 mRNA was found in the repeat-breeding cows with SE compared to cows without this disorder (P < 0.05). The difference in the expression of PTGFS and mPTGES 1 mRNAs between cows with SE and without it was not statistically significant (P > 0.05).
Discussion
We evaluated the endometrial expression of the genes for some prostaglandin synthases involved in uterine response to endometritis because this information is lacking in repeat breeders. Earlier it was reported that the inflammatory response of the endometrium (cytokines, prostaglandins and leukotrienes) in cytologically determined subclinical endometritis differs from that in clinical endometritis and in a physiological functioning endometrium (Gabler et al., 2009; Fischer et al., 2010; Ghasemi et al., 2012; Barański et al., 2013; Kim et al., 2014; Johnson et al., 2015) . However, these results are partially contradictory. The studies cited above were conducted during the first six weeks post partum, whereas there are only few studies about the expression of proinflammatory factors in the endometrium of repeat-breeding cows. Janowski et al. (2013) found a significantly higher mRNA expression of TNFα and inducible nitric oxide synthase (iNOS) in repeat-breeding cows with SE, while Kasimanickam et al. (2014) reported greater endometrial mRNA expression of mucin 1, cytokines and Tolllike receptor 4 (TLR-4) in such cows. Prostaglandins play an important role in both endometrial physiological function and uterine pathology . We found an increased expression of PTGS mRNA in cows with SE compared to cows without it, whereas the expression of PTGFS and mPTGES 1 mRNAs was similar in both groups. These findings are difficult to interpret. Altered prostaglandin secretory patterns have been reported in cases of endometritis of different severity. The endometrial synthesis of prostaglandins was generally upregulated, with an endocrine switch in prostaglandin synthesis from series F compounds to series E compounds (Herath et al., 2009a) . Our results are only partially consistent with this report because we observed the increased expression of PTGS 2 mRNA, but not PTGFS and mPTGES 1 mRNAs. PTGS 2 is the rate-limiting enzyme for the formation of the common precursor for PGF 2 α and PGE 2 , the synthesis of arachidonic acid from membrane phospholipids (Madore et al., 2003) . Increased expression of the gene encoding this enzyme observed in our study suggests the general activation of the prostaglandin pathway during SE in repeat breeders, although without the switch from series F to series E compounds. There are only few reports about how SE modulates the metabolism of prostaglandins, and even these are partially contradictory. Gabler et al. (2009) observed unchanged expression of microsomal prostaglandin E 2 synthases (mPTGES 1 and 2) and a 2-fold lower expression of cPTGES mRNA in SE compared with healthy endometrium during the postpartum period. In contrast, Barański et al. (2013) observed a slight increase of PGE secretion by endometrial cells in subclinical cases of endometritis, depending on the severity of the disorder. Fischer et al. (2010) found a higher expression of PTGS 2 mRNA in the endometrium of cows with SE post partum, although the difference was not statistically significant. Johnson et al. (2015) with SE showed a higher expression of PGES and PGHS 2 genes in cows with postpartum endometritis as compared to healthy cows. However, no significant differences were detected between groups with clinical and those with subclinical endometritis.
It is difficult to compare the above-mentioned data with our results due to the different methodological approaches applied in particular studies. These differences include different sampling times post partum, the use of epithelial cells harvested by cytobrush or endometrial tissue obtained by biopsy, and the measurements of mRNAs expression or the secretion of inflammatory mediators.
We evaluated the expression of mPTGES 1 mRNA, because this isoform is the only prostaglandin E 2 synthase dynamically and precisely expressed on both gene and protein levels during the oestrous cycle in the bovine endometrium. Increased mPGES 1 expression is clearly associated with increased PGE 2 production in bovine endometrial cells in vitro following stimulation with some cytokines (Parent and Fortier, 2005) . However, in our study we did not observe such a relationship, because the upregulation of PTGS 2 mRNA was not followed by an increase of mPGES 1 mRNA. The exact contribution of other prostaglandin E 2 synthases (i.e. mPTGES 2 and cPTGES) to PGE 2 production by the bovine endometrium under pathological conditions remains to be elucidated.
In conclusion, our study demonstrated that SE in the repeat-breeding cows is associated with increased endometrial expression of the PTGS 2 gene, which is involved in prostaglandin synthesis.
